IN THE 19TH CENTURY, the concept of experimental physiology originated in France, rapidly evolved in Germany, and later spread to Britain and then the United States. The first International Physiological Congress was held in 1889 with an emphasis on camaraderie, scientific demonstrations, and informality. The meetings were to be held every 3 yr. The XIIIth International Physiological Congress was the first to be held in America. In many ways, it represented a "coming of age" for American physiology. The congress occurred in Boston, MA, in August of 1929. It was the largest congress to date and was documented with a great panoramic photograph containing over 1,000 participants. There were hundreds of high-quality platform presentations and live demonstrations.
Those were truly halcyon days. "The war to end all wars" ended a decade earlier. It was the "roaring twenties," and people were eager to see the world. Train and automobile transportation across the United States were popular. Ship travel became more convenient and cheaper with the establishment of single tourist class travel from and to Europe. The Graf Zeppelin was in the midst of its round-the-world flight, and that August, Babe Ruth became the first major league baseball player to hit 500 home runs. And, of course, the stock market had yet to crash and the clouds of World War II were not yet visible. Many congress participants took advantage of their visit to Boston to make trips before and after the meeting to visit laboratories and to see the sites in America and Canada. An especially noteworthy trip was the one to Woods Hole, MA, to visit the Marine Biological Laboratory (MBL).
With the inevitable increase in scientific specialization and proliferation of meetings, the importance of international congresses came into doubt in later years. But, to this day, the international physiological congresses have continued with goals similar to those established more than a century ago.
Origins and Evolution of Experimental Physiology
It has been said that France was the "cradle" of experimental physiology in the 19th century (58) . All of the great French physiologists in the 19th century worked in Paris, and practically all of them were associated with one institution, the College de France. Francois Magendie (1783-1855) was the pioneer experimental physiologist who founded the first journal in France devoted to physiology in 1821 and wrote a textbook on physiology in 1816.
Magendie's most famous pupil was Claude Bernard (1813-1878) (Fig. 1, left) , a Doctor of Medicine (MD) who never practiced medicine but rather devoted his life to experimental physiology. Bernard started a revolution in the life sciences with the introduction of the experimental method into the study of medicine (50) . This revolution had occurred in physics in the 17th century and chemistry in the 18th but had not yet happened in the life sciences. He thus transformed medicine from a collection of empirical treatments into an "experimental science." His approach was largely based on animal experiments, and his experiments concerned the whole animal. Bernard made his major discoveries in the areas of digestion (the role of the pancreas, especially in the digestion of fat), glycogen and carbohydrate metabolism (the liver as a source of sugar), the nervous system (vasomotor nerves), and the effects of poisons (curare and blockade of neuromuscular transmission). Among his many research accomplishments, he introduced the concept of the constancy of the internal environment (le milieu interieur). In his famous monograph Introduction à l'étude de la médecine expérimentale [An Introduction to the Study of Experimental Medicine (7) ], which appeared in 1865 and is still available, Bernard provided the first clear description of the theory and practice of physiological and medical experiments. He described the primacy of the experimental method in medical research and the necessity for experimentation on living animals. He also provided examples of the use of the experimental method from his own research. Bernard's way of working would be considered alien today. In a letter in 1869, Bernard said (50):
Allow me to explain briefly my habitual way of working. I never form an opinion from those of other people. On the contrary, I always try to work out first my own conception of the matter and it is only after that that I read what has been written on the subject.
A detailed example of Bernard's thought processes and research methods can be found in his Memoire sur Le Pancreas (1856), which has been translated into English with spectacular color plates (8) . Here, he describes the role of the pancreas in digestion. This work represents his first major discovery. In both the Introduction and Memoire, one can see the mind of the great scientist at work. In the Introduction, Bernard (7) expressed his national pride in French contributions to experimental physiology when he stated:
To the honor of French science, it must be stated that it had the glory of decisively inaugurating the experimental method in the science of vital phenomena.
He mentioned Lavoisier, Laplace, and Magendie in this context. Of course, Bernard himself was also one of the major contributors.
In the Introduction, Bernard also noted the rapid advancement of experimental physiology in Germany but with a cautionary caveat. He didn't approve of the German emphasis on sophisticated technology because the "more complicated the instrument, the more sources of error does it create" (7). Bernard's research approach, like that of Magendie, was predominantly practical and did not require many instruments. As a rule, he carried out experiments using ligatures, sections, and stimulation on living animals, rarely achieving quantitative conclusions. Thus, Bernard's technique was mostly surgical. Moreover, Bernard felt that all living phenomena were more qualitative than quantitative in nature and that measurement would provide exact but often worthless information. In his view, the need was to describe the essential and qualitative nature of biological phenomena. Thus, Bernard was against a complete reduction of the biological phenomena to physicochemical processes. On the other hand, he never insisted on the existence of a vital principle that could compete and even act against physical forces (58) . Despite Bernard's reservations, experimental physiology flourished in mid and late 19th century Germany (58) . Physiology emerged from German laboratories as an independent field of knowledge after the middle of the 19th century. Before that time, physiology had been connected with general and pathological anatomy as well as clinical medicine. The founder of scientific medicine and physiology in Germany was Johannes Muller (1801-1858), who is considered to be the father of German physiology (58) . His famous pupils included Emil Du BoisReymond (1818 -1896), the founder of modern electrophysiology; Ernst Wilhelm von Brucke (1819 -1892); Hermann von Helmholtz (1821-1894), who pioneered research in biological thermodynamics and physics, physiological optics, and hearing; and Carl Ludwig (1816 -1895), who became one of the great teachers of physiology. Together, they believed that experimental physiology must be firmly based on physics and chemistry.
If Muller was the father of German physiology, Carl Ludwig ( Fig. 1, right) was its most effective propagandist, being perhaps the greatest teacher of physiology ever (21) . Ludwig established a Physiological Institute in 1865 at the University of Leipzig. He directed the institute for 30 years. (Unlike Ludwig, Bernard never headed a research school.) Thereafter, a conscious separation from structure and morphology occurred in physiological thought. Now, the problems of function were considered in relation to physical as well as chemical principles. In 1842, Ludwig proposed, correctly, that urine formation begins with glomerular filtration followed by tubular reabsorption (see Ref. 32 for details). His two-volume Lehrbuch der Physiologie, published in 1852 and 1856, respectively (40, 41) , constituted a turning point in the history of physiology, giving rise to the so-called physicochemical approach, which went on to dominate in the second half of the century 1 (58) . Ludwig understood that physiologists were far from 1 Carl Ludwig dedicated the first volume of his handbook of human physiology to his friends Emil Du Bois-Reymond, Ernst Wilhelm von Brucke, and Hermann von Helmholtz (40) . As important as his handbook would become, Ludwig lamented that it was not written so much as a labor of love but rather as a need to make money (16). being able to give a complete physicochemical understanding of physiological events, but he felt nevertheless that one should continue to strive toward this goal. Ludwig was clearly ahead of his time in this thinking. Ludwig was the founder of the precise, quantitative, physicochemical direction in physiology whose results were destined to place medicine on an entirely new basis (58) .
German physiologists invented various instruments to make physical and chemical measurements. Most notably, Ludwig invented the kymograph in 1847 (Fig. 2, left) (39) to measure variations in fluid pressure, and it became the first graphic method in experimental physiology. He used the motion of a float on a mercury manometer to record changes in blood pressure. The float responded directly to these small motions, transmitting them to a stylus, which then scratched a line on the smoked paper surface of the revolving drum driven by a falling weight. By the end of the 19th century, this simple instrument had become the symbol of the flourishing and independent science of physiology. As simple as this instrument may seem today, the exact investigation of the phenomena of the circulation was impossible until Ludwig invented the kymograph. In fact, Paul Cranefield (14) has noted that the introduction of the kymograph into physiology resulted in a revolution in the life sciences roughly comparable with the introduction of the telescope into astronomy. Figure 2 , right, shows Harvard physiologist Walter B. Cannon (1871-1945) using a modified version of Ludwig's kymograph in 1940, nearly 100 yr after its original description. An updated version of the kymograph is still commercially available over 150 yr after its invention.
Ludwig trained more than 200 advanced pupils in physiology during his long career (58, 26) . A number of Americans who became leaders of the basic medical sciences and prominent medical educators during the closing years of the 19th century studied with Ludwig. During the second half of the 19th century, Germany was the leading center of medical research in the world, and Ludwig's pupils came from many countries. For example, around 1870, Ludwig trained pupils from Russia, Scotland, England, United States, Egypt, Sweden, Belgium, France, Italy, Switzerland, Poland, and Czechoslovakia as well as several from various parts of Germany. In these decades, it was almost an obligation for every young and ambitious physiologist to spend at least a year studying with Ludwig at the Physiological Institute in Leipzig (58 Clearly, beyond philosophical differences related to the approach to experimental physiology, there was nationalistic pride involved. Nonetheless, these two physiological giants left a major impact on the development of experimental physiology worldwide.
German physiology had a major influence on the development of experimental physiology in Britain and also in America (58, 21, 27) . Throughout the first half of the 19th century and beyond, there was little physiological research going on in Britain and nothing to compare with the dramatic developments on the continent of Europe. This situation was attributable to a number of factors, including medical conservatism, an aversion to vivisection, the lack of opportunity and facilities, and, perhaps above all, to the absence of a Magendie or a (58, 21) .
Modern American physiology had its roots in Germany, France, and England (58, 27, 23) . A number of Americans who became leaders of the basic medical sciences and prominent medical educators during the closing years of the 19th century studied with Ludwig. Laboratories in Boston, New Haven, CT, and Baltimore, MD, were inspired by, and organized along the lines of, the leading physiological institutes in Germany. European, especially German, physiological methodology was consciously and extensively adopted and applied in America. The first American physiology laboratory was formed by Henry P. Bowditch (1840 -1911) at Harvard University in 1871. Bowditch had studied with Bernard and later with Ludwig, where he formulated the "all or nothing" principle of muscular contraction in the heart as well as the "staircase" (Treppe) phenomenon in the heart. The second American physiology laboratory was founded by Henry Newell Martin (1848 -1896) at the Johns Hopkins University in 1876. Originally from Ireland, Martin studied with Michael Foster at University College, London. Martin established the first graduate program in physiology in the United States. He developed an isolated mammalian heart preparation that was a precursor to the Langendorff heart preparation. His successor was William H. Howell (1860 Howell ( -1945 , a student of Ludwig, who became chair of physiology in 1893.
By the early 20th century, most leading American medical schools had adopted two fundamental characteristics of the German universities: the full-time faculty system for their basic science teachers and the research ethic and conviction that faculty members have an obligation to expand knowledge in their field (27) . They recast physiology as an experimental science based on physics and chemistry rather than an empirical field preoccupied with speculation and untested theorizing.
The American Physiological Society (APS) was founded in 1887 in New York (2) . Four of the five founders of the American Physiological Society trained in Europe. 2 The founding of the APS was a signal to the world that a new scientific discipline had emerged in America. The APS required candidates for membership to have a commitment to research. The American Journal of Physiology was established in 1898.
Karl E. Rothschuh (57) has written a comprehensive history of physiology from antiquity through the middle ages and into the beginning of the 20th century. It was translated from German into English in 1973 (58) . Bruce W. Fye (27) wrote an account of the growth of American physiology from 1850 to 1900, which appears in the book Physiology in the American Context, 1850 -1940.
The Physiological Congresses: Origins and Philosophy
The prime movers of the scheme to hold an international congress of physiology were Hugo Kronecker (1839 -1914), professor at Bern, Switzerland; Michael Foster of Cambridge; William M. Bayliss (1860 -1924); and E. A. Sharpey-Schafer of London, who had all met in Carl Ludwig's laboratory in Leipzig (64) . An exploratory letter was sent in 1887 by the Committee of the Physiological Society, and a preliminary meeting was held in Bern in 1888. The first congress was held in Basel, Switzerland, in September of 1889, and, except for the war years, the congress has been held regularly (every 3 or 4 yr) ever since 1889.
Along with a scientific agenda, a main goal of the congresses was to promote friendships and greater understanding and tolerance among scientists worldwide in an atmosphere of informality (64) . To emphasize the experimental nature of physiology, it was determined at the first congress that all communications should be as experimental and as demonstrative as possible. In fact, in 1907 at the VIIth Congress in Heidelberg, Germany, it was proposed that future congresses should be devoted to experimental demonstrations to the exclusion of purely oral communications. Although this proposal was rejected as impractical, demonstrations continued, although animal demonstrations have diminished and are now hardly practicable.
The XIIIth International Physiological Congress in Boston in 1929
Introduction. The first international physiological congress held in America in 1929 was a milestone in the history of American physiology. It was the first congress to be held outside of Europe. The XIIIth Congress was initiated and organized by the APS. But, because of the size of the task, the congress was sponsored by the Federation of American Societies of Experimental Biology (FASEB). 3 To help pay for the congress and generate funds for foreign scientists, all members of FASEB were assessed $5 for 2 yr (annual dues then were $2) (3). Members of the various societies were active participants in the congress. The congress was held in Boston at Harvard Medical School on August 19 -23, 1929 . Harvard physiologist Walter B. Cannon (Fig. 2, right) , who coined the term "homeostasis" to describe the constancy of Bernard's milieu interieur (12) , chaired the local arrangements commit-tee. This was a complex task. The congress program 4 listed 1,229 precongress registrants, but, in actuality, over 1,600 scientists representing 41 countries were in attendance. There was uniform praise for the organization and hospitality of the American hosts (11) .
Foreign scientists getting to the Boston Congress. Over 500 foreign scientists and their families came to the congress. A large number of scientists and their families, about 400 people, came from Europe on the steamship S.S. Minnekahda. This single-class vessel gave every passenger access to all decks and social activities on board. Yngve Zotterman (1898 -1982), a Swedish neurophysiologist, wrote a charming retrospective chapter describing the trip with many photographs (69) . The 10-day journey started in England on August 9, stopped in Boulogne, France, to take on more passengers, and arrived in Boston on August 18. The trip was organized by English Nobel Laureate A. V. Hill (1886 Hill ( -1977 , who helped negotiate low fares for the physiologists and their families. More than 20 countries were represented. At first, there was the natural tendency for national groupings to persist. As the voyage progressed, however, there was a more and more complete intermingling, and the whole party eventually became one. "What the quiet discussions and friendly meetings on board the Minnekahda did for the promotion of international goodwill between physiologists can scarcely be over-estimated" (24) . Of course, physiologists had to "talk shop." As the trip went on, lectures and conferences were arranged. Zotterman also noted that the daytime included games like shuffleboard and deck tennis and the nighttime was for dancing.
Severo Ochoa (1905 Ochoa ( -1993 , a young Spanish MD who would go on to win a Nobel Prize in 1959, also fondly remembered the trip on the Minnekahda on the way to his first international physiological congress (49):
What a thrill and what a splendid experience for a young apprentice scientist to be on the same ship with so many of the great European physiologists and to be travelling to the New World for the first time! . . . The youngster had not seen great scientists before . . . Yes, there I was sharing the Minnekahda . . . with some of the greatest physiologists of the world: A. V. Hill, Barcroft, Haldane, Sherrington, Szent-Gyorgyi, and many others.
Also on the Minnekahda was a group of young female physiologists from Bedford College, University of London. Among the group was Mary Pickford, who would go on to become a pioneering neuroendocrinologist, a professor at Edinburgh University, and a member of the Royal Society. She died on the morning of her 100th birthday in 2002. Also in the group was Mary A. B. Brazier (1904 Brazier ( -1995 , who became a noted neurophysiologist and historian of science eventually residing at the Brain Research Institute at the University of California-Los Angeles. She authored numerous books, including a book on the electrical activity of the nervous system that went through multiple editions (10) . But in 1929, Ochoa, Pickford, Brazier, and their fellow students were just young, no doubt wide eyed, scientists heading to their first international physiological congress. The Minnekahda docked at Boston on August 18, and most of the passengers departed for their quarters in the dormitories of Harvard University, although a few were guests of private individuals.
Of course, not all of the foreign scientists came to the meeting on the Minnekahda. Some of the French physiologists traveled on the S.S. France, and some of the German and Swiss physiologists arrived on the S.S. Stuttgart. Others came from Japan and China across the Pacific Ocean.
The keepsake: an International Physiological Congress custom. It was customary at international physiological congresses to provide a keepsake of the meeting to the participants. Following a practice started in 1904, a commemorative medal was given. Typically, this medal featured a physiologist from the host country. The medal given at the Boston meeting had an image of William Beaumont, MD (1785-1853), on one side (Fig. 3, left) . The reverse side showed two allegorical male figures holding up a single torch, which symbolized the old and new worlds uniting to hold aloft the torch of learning to illuminate the world (Fig. 3, right) (Fig.  4) , professor of physiology at John Hopkins University and president of the congress, gave a very welcoming and diplomatic opening address. He said (30):
We look upon this meeting of the congress at Boston as a recognition that American physiology has come of age, and has been admitted to full membership in that old world group to whom we have so long looked for guidance and inspiration.
Historian Gerald L. Geison (28) (62) before the congress that it was rumored that no American would appear on the congress program. This was not a sign of American superiority. In fact, 40% of the presentations at the congress were from American laboratories.
Next to speak was Danish physiologist and Nobel Laureate August Krogh (1874 Krogh ( -1949 , who drew attention to some of the problems in current-day physiology with the hope that they could be solved (35) . In many ways, his comments have a modern day sound to them. He lamented the fact that physiology was growing unwieldy and that physiologists would have to face up to the fact that physiology would be split up into more or less separate and independent sciences. This fragmentation was already occurring, as testified by the multiple independent societies that constituted FASEB. He described a scientific truism when he stated that the rate at which science was advancing would cut short the lifespan in the frontlines of research for many investigators as their view points and methods became antiquated. He also expressed a contemporary view when he stated that too many experiments and observations were being made and published with too little thought bestowed upon them. Krogh even "took on" human nature when he said (35):
We may fondly imagine that we are impartial seekers after truth, but with a few exceptions, to which I know that I do not belong, we are influenced and sometimes strongly by our personal bias and we give our best thoughts to those ideas which we have to defend.
Finally, he made an argument for increased research collaboration. He emphasized that individual freedom was the investigator's most important asset, but nonetheless he felt that voluntary research cooperation was needed to attack some of the important research problems. It was a speech given over 80 yr ago that could have been given today. Unfortunately, according to Harvey Cushing, the acoustics in the auditorium were not good and Krogh's English was even worse (61) . Thus, apparently much of what he had to say was unintelligible. As important as his speech was, it somehow seemed out of step with the spirit of the occasion.
The great panoramic photograph. It was not uncommon in those days to gather all of the participants at a meeting or event and photograph them with a panoramic camera. 5 At the Boston congress, participants were asked to appear in the Harvard Medical School courtyard for just such a photograph (Fig. 5) . This was no trivial task. The photograph that was made was 10 in. tall and 42 in. long and contained more that 1,000 people with over 600 of them given a number and their names listed meticulously at the bottom of the photograph. Since the negative was the same size as the photograph, the resolution was high and individual faces easily can be identified. Of course, the dignitaries were located in the front and center of the photograph in the second row (Fig. 5) . The most honored guest was the nearly 80-yr-old Ivan P. Pavlov (1849 Pavlov ( -1936 , who came from Russia. 6 In 1904, he became the first physiologist to receive the Nobel Prize for his investigations on the neural control of digestion. 7 He anchors the photograph with his distinctive look.
Scientific sessions. The scientific program ran from Tuesday through Friday morning and was dense packed. There were 5 The camera utilized for this photograph was, in all probability, the no. 10 Cirkut Camera manufactured in Rochester, NY, by Folmer Graflex (43) . The film in the camera was 10 in. wide and could be as long as 12 ft in length. The photograph could be purchased at the meeting for $1.50 ($20 in today's dollars). 6 This trip was Pavlov's second trip to Boston with his son Vladimir. Vladimir was a physicist who trained in Cambridge, England, and spoke fluent English. Pavlov himself was fluent only in Russian, although he could speak some German. His son acted as his interpreter. Unfortunately, on their first trip to America in 1923, the 74-yr-old Pavlov was robbed of all of his money [estimated to be as much as $2,000 (about $27,000 in today's currency)] in Grand Central Station in New York awaiting a train to New Haven (63) . 7 The work that led to Pavlov's Nobel Prize was summarized in Lectures on the Work of the Main Digestive Glands (51), which was translated into German, French, and English. four to six simultaneous sessions each day. Platform presentations of 10-min duration with 5 min of discussion ran in the morning and afternoon. The program listed 441 platform presentations plus 55 abstracts that were presented by title only. The four official languages of the congress were English, German, French, and Italian. The congress organizers provided an ample supply of interpreters throughout the meeting. For purpose of admission to the congress sessions and activities, participants were issued brass, numbered lapel pins.
It was a remarkable gathering of scientists. Based on the names on abstracts published in the American Journal of Physiology (1) and other information, the congress included 5 Nobel Laureates and a remarkable 17 scientists who eventually would become Nobel Laureates. 8 Furthermore, 23 former or future presidents of the APS were participants (4). Also at the meeting was Charles H. Best (1899 Best ( -1978 , a 30-yr-old MD from the University of Toronto. As a medical student, he and Frederick G. Banting (1891-1941) were the codiscoverers of insulin in 1921 while working with John J. R. Macleod (1876 -1935). Banting and Macleod would go on to share the Nobel Prize in 1923 for the discovery of insulin. Banting always felt that Best had been treated unjustly by not sharing in the Nobel Prize, and he provided half of his share of the Nobel Prize money to Best (68) . Their names are permanently linked in the Banting and Best Department of Medical Research at the University of Toronto, where they both spent their entire careers. Best's wife Margaret accompanied him to the Boston meeting (9) . 9 She went to hear his new research on histamine and lamented the fact that a 10-min presentation was an amount of inadequate time for Best to fully present his results. This feeling was no doubt common at the overcrowded meeting.
Pavlov gave a special presentation that was not listed in the program (61) . After receiving his Nobel Prize, Pavlov attempted to integrate physiology, psychology, and psychiatry through the investigation of conditioned (conditional) reflexes. 10 His lecture was translated from Russian for the audience by Gleb von Anrep (1891-1955) . Anrep, a Russian-born physiologist working in England, was a former pupil of Pavlov and fluent in English. Anrep previously played an important part in introducing Pavlov's work on conditioned reflexes to the Western world. In the spring of 1924, Pavlov gave a series of lectures that summarized nearly 25 yr of his research activities. Anrep translated these lectures from Russian into English (52) . Because this translation was the first systematic account of conditioned reflexes in English, much thought was required to find suitable English equivalents for a large number of new technical terms that had been invented in Russia to describe new ideas. This task fell to Anrep, and Pavlov was very appreciative. Cushing's comments were typical: great respect and praise for Pavlov's energy and enthusiasm but little said about the scientific content of his presentation. Todes (63) sums up these typical comments about Pavlov, who by this time had become an iconic figure:
Physiologists and psychologists certainly respected his scientific achievements, but very few understood his esoteric terminology, fewer still had examined the details of his experiments and conclusions, and only a small handful had adopted his experimental approach. The consistently enthralled accounts of his appearances were notable for their lack of comment about scientific content. They dwelled, rather, upon the great liveliness and energy of this great old man of physiology.
At the XVth Physiological Congress in Moscow in 1935, Pavlov gave the welcoming address again in Russian, but, for 9 Margaret Best took the opportunity while in Boston to go the movies. She saw her first "talkie", Last of Mrs. Cheyney (1928), starring Canadian actress Norma Shearer (9) . 10 After the Physiological Congress, Pavlov gave a keynote address at the Psychological Congress in New Haven in early September (63) . 11 American W. Horsley Gantt (1892-1980), who worked for 5 yr in Pavlov's laboratory, also translated Pavlov's lectures on conditioned reflexes into English (53) . He eventually established a Pavlovian laboratory at Johns Hopkins University. the first time at a physiological congress, the presentation was simultaneously translated into three languages (English, French, and German) (63) .
Experimental demonstrations. In the spirit of the original formulation of the international physiological congresses, demonstrations were held on three afternoons of the congress. The demonstrations were concurrent with the afternoon platform sessions. The performance of a live demonstration at an international meeting in the presence of the world's leading physiologists must always have resulted in great anxiety. As an example, consider two demonstrations performed at the XIIth International Physiological Congress in Stockholm in 1926. Joseph Barcroft (1872-1947) and colleagues from Cambridge brought with them two dogs with their spleens moved to the outside of the body under the skin to enable an inspection of how the spleen was full of blood when the dog was at rest but grew small when the animal experienced muscular exercise (70) . It was fortunate that they brought two dogs, as one of the dogs was run over and killed by a truck while being exercised in the street. Nonetheless, Zotterman (70) states that they made a convincing demonstration on the surviving dog of the role of the spleen as a blood reservoir. Another example from the Stockholm meeting involved a demonstration of decrementless (nondecremental) nerve conduction in the presence of a narcotic agent by Gen-ichi Kato (1890 Kato ( -1979 from Keio University in Japan (34) . It was agreed that nerve conduction in the normal state was all or none, but it had been proposed that the conduction was decremental in the presence of a narcotic agent. This proposal led to two fundamentally different views of the nature of action potential propagation. Kato had proposed decrementless conduction of the nerve impulse in 1923 and wanted to demonstrate this fact on the world stage. He and his three assistants traveled to Stockholm with their experimental equipment and 150 Japanese toads. These toads were favored because of their large size, which resulted in long nerves. As luck would have it, all of the toads turned out to be dead after the journey to Stockholm from Japan via Siberia. Dutch frogs were made available. They spent a month in Stockholm preparing for the demonstrations. In the end, the experiments turned out to be a major triumph and successfully proved Kato's theory. Kato vividly described the great effort and anxiety of that triumphant day (34) .
Some examples from the total of 78 demonstrations listed in the Boston program will be mentioned. Corneille Heymans (1892-1968), a Belgium physiologist and eventual Nobel Prize winner in 1938, and his colleagues demonstrated circulatory and respiratory reflexes from carotid sinus regions of dogs. This demonstration was the first contact of most Americans with reflexes from the carotid sinus and carotid body. There was no hesitancy about accepting the claims made for the importance of these reflexes to the regulation of the circulation, but many physiologists were extremely skeptical about the proposition that they could also be vitally involved in respiratory control (59) . Joseph Erlanger (1874 -1965) and Herbert Spencer Gasser (1888 -1963) made the first public demonstration of action potentials of slow "C" nerve fibers. They drove from Washington University in St. Louis, MO, to Boston and transported their bulky equipment, including a cathode ray oscilloscope, in Erlanger's Franklin automobile (15) . It has been said that their introduction of the oscilloscope into neurophysiology was "like giving sight to the blind" (56) . They discovered that the velocity of nerve conduction varied with fiber diameter. This, in turn, led to the study of other properties of fibers of different sizes, with and without a myelin sheath. These distinctions and the resulting classification of nerve fibers are among the fundamental aspects of modern neurophysiology. This work led them to share the Nobel Prize in 1944. Nobel Laureate A. V. Hill, along with his assistant A. C. Downing, demonstrated heat production (energy liberation) associated with crab nerve action potentials. They transported the sensitive thermopile and galvanometer from London for the purpose of the demonstration. The actual temperature change associated with nerve action potentials was remarkably small, on the order of millidegrees. Hill would pursue this topic with ever greater technical sophistication for the next 35 yr (29) . Emil Bozler (1901-1995) from Munich, who had recently worked in Hill's laboratory, demonstrated the first measurements of heat production in smooth muscle (isolated from a snail). His results emphasized the great economy of smooth muscle contraction, i.e., the smooth muscle contracted with very little energy expenditure. It is difficult today to imagine transporting equipment and animals to give live demonstrations at a scientific meeting.
Discovery and controversy. In surveying the international congresses, Whitteridge (64) has said of the XIIIth Congress that, although the general standard of research was high, there were no outstanding contributions. Certainly there was nothing to compare with the presentation by Alan Hodgkin and Andrew Huxley at the XVIIth Congress in Oxford in 1947. They did not give the precirculated talk but rather took the opportunity to make the first public statement of the "sodium hypothesis" in nerve excitation, and it made a deep impression on the participants (64) .
Nonetheless, at the Boston meeting, there were noteworthy contributions and at least one major discovery announced. For example, Hsien Wu (1893-1959) (66) came from Peping, China, to make the first proposal that protein denaturation was purely a conformational change involving protein unfolding rather than chemical alteration of the protein (19) . The crucial point of Wu's theory was that a native protein molecule is a highly compact and well-ordered structure that is held together primarily by interactions between polar groups in the main chain and in polar side chains. Edward A. Doisy (1893 Doisy ( -1986 from St. Louis University, who would win a Nobel Prize in 1943 for his discovery of the chemical nature of vitamin K, announced the preparation of the first pure crystalline sex hormone isolated from ovaries, namely estrone (17) .
Even though it went generally unnoticed, a major announcement at the congress caused a controversy. Karl Lohmann (1898 -1978 , working in Otto Meyerhof's (1884 -1951) laboratory at the Kaiser Wilhelm Institute of Biology, BerlinDahlem, announced in his 10-min presentation accompanied by a three-sentence abstract, the discovery of a compound that he isolated from muscle (38) . He called this phosphate-containing compound adenylpyrophosphorsaure (adenylpyrophosphoric acid). Lohmann had published these results earlier that August in the journal Naturwissenschaften (37) . The compound would soon become known as adenosine triphosphate (ATP). Its biological significance as the primary energy source for muscular contraction would not be appreciated until well in the 1930s, primarily through the efforts of Lohmann [see Rall (54) for details]. In the reviews of significant presentations at the congress, nothing was mentioned of the presentations in the muscle sessions. The importance of the announcement of what would become known as ATP "flew entirely under the scientific radar screen." Nonetheless, the presentation did cause a controversy at the meeting. The nature of the apparent controversy has been investigated by Koscak Maruyama 12 (42) . Cyrus Hartwell Fiske (1890 Fiske ( -1978 , a biochemist at Harvard Medical School, heard the Lohmann presentation. 13 Fiske and his student, Yellapragada SubbaRow (1986 SubbaRow ( -1948 , had done pioneering work on creatine phosphate and also were working on isolating other phosphate compounds from muscle. According to Maruyama, Severo Ochoa, who had worked in Meyerhof's laboratory, informed him that a "terse" discussion ensued between Fiske and Lohmann over matters of priority. Apparently, Fiske had told Meyerhof about his results earlier, and Fiske had felt that Meyerhof had used this information unfairly in his own work. Fiske insisted that SubbaRow also be allowed to present their results. SubbaRow made an unofficial presentation on the last day of the congress describing their isolation of adenosine triphosphonic ester, but an abstract of this talk was never printed. However, as regards the discovery of ATP, it is quite fair to state simply that ATP was discovered independently by Fiske and SubbaRow, and by Lohmann, in 1929.
Whereas it might be "quite fair" to state ATP was discovered independently by Lohmann and Fiske and SubbaRow, priority has generally gone to Lohmann. In an insert about Otto Meyerhof on the Nobel Prize website (48) , the same story is retold but with a different conclusion that acknowledges the competitiveness and realities in science:
Whether it was intuition, inside information or general practice regarding timely publication, Meyerhof pushed Lohmann to submit his data . . . Although Fiske and SubbaRow had almost certainly simultaneously purified salts of ATP at Harvard University, through an ill-fated decision, they chose not to publish their own results . . . Priority for the discovery of ATP was awarded to Lohmann.
Thus, there was at least one announcement at the congress of what would become one of the major discoveries of the 20th century accompanied by a controversy not uncommon in science.
Entertainment and festivities. Of course, it was not all work. There was planned entertainment. On Wednesday evening, participants were entertained in the courtyard of Harvard Medical School by the Boston Symphony Orchestra led by Arthur
Fiedler, who was about to start his 50-yr tenure as director of the Boston Pops Orchestra. On Thursday evening, there was the congress dinner sponsored by FASEB. Throughout the congress, there were planned excursions and, of course, afternoon tea.
Closing session. In the closing session on Friday morning, Leon Fredericq (1851 Fredericq ( -1935 , emeritus professor of physiology at the University of Liege, who was present at the first international physiological congress, described some of his memories of previous congresses. He reminded participants that the original purpose of the congresses was not to compete with the physiological periodicals but rather to emphasize demonstrations devoted primarily to experimentation (25) . He went on to state that many things were seen that could not be learned in books. It was the demonstrations that he most remembered and most valued. Of course, over time, the demonstrations of actual experiments would become nonexistent, and, thus, an important aspect of the original purpose of the congresses would be lost.
After the Physiological Congress
The experience of attending the XIIIth Congress did not end with the official end of the congress on Friday afternoon on August 23. For many participants, the journey to Boston was a long one, and they did not just turn around and go home. Rather, many participants made excursions after the meeting for both science and pleasure.
On Saturday morning on August 24, hundreds of physiologists and their families traveled 75 mi. in 21 buses to visit the MBL at Woods Hole for a day of scientific exhibits, demonstrations, and recreation (44) . The visitation by world famous physiologists was an important event in the history of the MBL. A pamphlet was generated for the occasion. It contained photographs of some of the prominent visitors along with photographs of Woods Hole and the MBL. Also included in the pamphlet was a brief history of Woods Hole and the MBL. The MBL was founded in 1888, 16 yr after the establishment of the Zoological Station at Naples, which was the first great international marine biological observatory in Europe and for many years the most influential (36) . The MBL used the event to showcase the important ongoing research in marine biology in America. There were about 90 different demonstrations and exhibits on display in MBL laboratories and in the Bureau of Fisheries featuring a wide variety of marine fish, algae, insects, frogs, marine invertebrates, and more (60) . For example, E. Newton Harvey (1887-1959), who was well on his way to becoming the world's leading authority on bioluminescence (33), described the luminous animals of Woods Hole and the luminescence of the crustacean Cypridina (marine firefly). Cypridina was particularly suitable for studying the luciferinluciferase reaction. Robert Chambers (1881-1957) demonstrated his microdissection techniques on living cells using his invention, the Chambers micromanipulator (13). In addition, guests could board the MBL boat to observe the methods of collecting the different sea animals.
At the end of the day, guests were treated to a unique Cape Cod picnic. According to an article in The Woods Hole Log (65):
In the evening members of the Congress and their friends were treated to a good old fashioned Cape Cod Clam- 12 Koscak Maruyama (1930 -2003 , from Chiba University, was a muscle biochemist. He discovered the protein connectin (now generally known as titin) and was the first to recognize the elasticity of this protein. He also discovered ␤-actinin (now called CapZ) and contributed to the characterization of ␣-actinin. He had an avid interest in the history of biochemistry and wrote numerous articles on the topic. For further details, see Rall (54) . 13 Marcel Florkin (1900 -1979) also described the announcement of the discovery of ATP at the 1929 Congress (22) . He stated that neither Fiske nor SubbaRow was listed among the attendees at the congress. The implication is that neither one of them attended the congress. But this is a factually incorrect statement, as Fiske is listed in the program among the members attending the congress (Fiske is no. 357 of the 1,229 members listed) . bake . . . and about 750 people attended the feast. It was a unique meal for a great many of the visitors-they had not eaten corn on the cob or lobsters or clams. This experience was enjoyed greatly by all, but it is reported that the stores selling food on Main Street were full to capacity after the people returned from the clambake.
While it must have been a difficult meal for some of the European visitors, it was a memorable occasion for at least one of the foreigners. Hungarian biochemist Albert Szent-Gyorgyi (1893-1986), who became a Nobel Laureate in 1937, remembered that evening fondly (45) . Szent-Gyorgyi said:
Living in a continental country, lobster was a great excitement, and I could never forget that. If it hadn't been for the lobsters, Woods Hole would have dropped out of my memory altogether.
Albert Szent-Gyorgyi moved to Woods Hole and the MBL in 1947 and never left. He conducted research there until his death in 1986.
The boat to New York, with a stop at New Haven for those who wanted to visit Yale University, was due to leave Woods Hole at 10:30 PM. It was late. It must have been a long but fascinating day for the foreign visitors.
Other excursions were possible. One hundred fifty participants registered for a trip from New York to Niagara Falls, Toronto, and Montreal. There was also a trip from New York to Niagara Falls and a train to visit the University of Rochester and then a boat to Montreal and Quebec. Pavlov visited the famous neurosurgeon Harvey Cushing in Boston during the meeting to observe neurosurgery, and, after the meeting, he went to Montreal to visit a former pupil. Gen-Ichi Kato and his collaborators eventually took the boat back to Japan. Kato had time to think on the trip across the Pacific Ocean (34):
On our way home from the Congress, the ship we were on was heading for Hawaii over the calm Pacific Ocean. Early fall was beautiful. Under the serene sky, I was looking up, lying in a cosy sofa, letting my eyes wander and entrusting my meditations to develop one after another. I was reflecting that, up until 1929, we were discussing the characteristics of nerve fibers, on the basis of the experimental results which were obtained from bundles of nerve fibers . . . but that this is not convincing, because the nerve impulse is conducted by individual nerve fibers . . . and that every fiber in the sciatic nerve is not necessarily of the same nature . . . They may have different diameter, different conduction velocity and so on . . . I landed in Yokohama with a final and fixed determination in my mind: that the isolation of a single nerve fiber in conductible (living) state shall be done by our hand.
Indeed, Kato impressed the XIVth International Physiological Congress in Rome in 1932 with an account of the isolation of single myelinated nerve fibers from the frog's sciatic nerve. How rare it is these days to have the leisurely time and a "cosy sofa" to think about important experiments that need to be done.
Evolution of the Physiological Congresses
At the XVIIIth Congress in Copenhagen in 1950, preliminary arrangements were made for the establishment of an international union and, in 1953, at the XIXth Congress in Montreal the International Union of Physiological Sciences (IUPS) was launched (31). The mission of the IUPS is to work with physiological societies and other organizations worldwide to facilitate initiatives that strengthen the discipline of physiology.
The congresses were growing and also changing (64) . Symposia with invited speakers were added to the program, and satellite meetings began to accompany the main congress. The first of the independently organized satellite meetings was associated with the 1953 Montreal Congress. While these satellite meetings added to the attractiveness of attending a congress, they also took some of the excitement away from the main congress. When the international physiological congress returned to the United States in 1968 (the XXIVth Congress in Washington, DC), there were over 3,400 attendees from 57 countries. Eighteen satellite symposia were held before and after the congress throughout the United States (67) . The XXVIIth Congress in Paris in 1977 was the first congress to have posters. The XXIXth Congress in Sydney in 1983 was the first congress where all free communications were presented as posters.
Despite the growth and change, the congresses had lost some of their luster. By the time of XXVIIth Congress in Paris in 1977, there were serious discussions as to whether international congresses had outlived their usefulness and could no longer justify their considerable cost. After the XXXIst Congress in Helsinki in 1989, congresses were held every 4 yr rather than every 3 yr. Obviously, so much had changed over the previous 100 yr. Live demonstrations, an integral part of the original congress format, were impossible. As lamented by August Krogh in 1929, physiological sciences had become so specialized with many meetings designed to appeal to those in various subdisciplines. However, the most important core concept of the original congress more than 100 yr ago has remained: " . . . to promote friendships and greater understanding and tolerance among scientists world-wide in an atmosphere of informality" (64) . The XXXVIIIth International Physiological Congress will be held in Rio de Janeiro, Brazil, in August of 2017.
Nonetheless, it is unlikely that there will ever again be an international physiological congress like the one held in Boston in 1929.
